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We present UBVI photometry for 8530 stars in Baade’s Window obtained during the
OGLE-II microlensing survey. Among these are over one thousand red clump giants. 640
of them have photometry with errors below 0.05 mag. We constructed a map of interstellar
reddening. The corrected colors of the red clump giants: (U−B)0, (B−V )0, and (V −I)0
are very well correlated, indicating that a single parameter determines the observed spread
of their values, reaching almost 2 mag in the (U −B)0. It seems most likely that heavy
element content is the dominant parameter, but it is possible that another parameter: the
age (or mass) of a star moves it along the same trajectory in the color–color diagram as
the metallicity. The current ambiguity can be resolved with spectral analysis, and our
catalog may be useful as a finding list of red clump giants. We point out that these K
giants are more suitable for a fair determination of the distribution of metallicity than
brighter M giants.
We also present a compilation of UBVI data for 309 red clump giants near the Sun,
for which Hipparcos parallaxes are more accurate than 10%. Spectral analysis of their
metallicity may provide information about the local metallicity distribution as well as the
extent to which mass (age) of these stars affects their colors.
It is remarkable that in spite of a number of problems, stellar models agree with
observations at the 0.1–0.2 mag level, making red clump giants not only the best calibrated
but also the best understood standard candle.
Based on observations obtained with the 1.3 m Warsaw telescope at the Las Campanas
Observatory of the Carnegie Institution of Washington.
21 Introduction
Red clump giants appear to be one of the best standard candles available.
Not a single RR Lyrae star or a Cepheid has its parallax measured by Hip-
parcos (Perryman et al. 1997) with a 10% accuracy (Horner et al. 1999),
but there are about 103 red clump giants with parallaxes at least as good as
10% (Paczynski and Stanek 1998). The absolute I-band magnitude of these
stars appears to be almost independent of their (V − I) color (Paczynski
and Stanek 1998). The weak dependence on metallicity was empirically
calibrated by Udalski (1998a), who also demonstrated that there is no de-
tectable dependence on age, as long as it is between 2 109 and 10 109
years (Udalski 1998b). While this calibration is not perfect, it is superior to
the calibration of either RR Lyrae or Cepheid variables, or any other stan-
dard candle ever proposed. Unfortunately, there is some confusion about
the color{metallicity dependence (Paczynski 1998).
The main purpose of this paper is to present a catalog of UBVI photom-
etry for 8530 stars in Baade’s Window obtained during the second phase
of the Optical Gravitational Lensing Experiment (OGLE-II) microlensing
project (cf. Udalski, Kubiak and Szymanski 1997). The important part of
the catalog is the list of 640 red clump giants in the galactic bulge/bar,
covering a very broad range of colors, and presumably metallicities. We
also present a compilation of UBVI photometry (Mermilliod and Mermil-
liod 1994) for 309 nearby red clump giants, for which Hipparcos parallaxes
are more accurate than 10%. Our expectation is that these two data sets
provide a convenient list of objects for which metallicity can be obtained
spectroscopically in order to determine the range of [Fe/H] and [O/H] for
nearby stars as well as for those near the Galactic center. Such spectro-
scopic study could resolve the current ambiguity about the distribution of
metallicities and the relation between the metallicity and colors of red clump
giants.
We also present, following Kiraga, Paczynski and Stanek (1997), a de-
scription of the procedure which appears to be fairly accurate in mapping
interstellar extinction. The variation, with the line of sight, of average colors
of the bulge red clump stars, red sub-giants, and the stars near the main
sequence turn o point are very well correlated with each other, as all are
aected by the same variations in the interstellar reddening. The map of
color variations provides information about angular scale over which the
extinction varies.
32 Observations
Observations presented in this paper were collected during the second phase
of the OGLE microlensing search with the 1.3-m Warsaw telescope at the Las
Campanas Observatory, Chile which is operated by the Carnegie Institution
of Washington. The telescope was equipped with the "rst generation" cam-
era with a SITe 20482048 CCD detector. The pixel size was 24 µm giving
the 0.417 arcsec/pixel scale. Observations were performed in the "medium"
speed reading mode of the CCD detector with the gain 7.1 e−/ADU and
readout noise of about 6.3 e−. Details of the instrumentation setup can be
found in Udalski, Kubiak and Szymanski (1997).
The BVI photometry comes from observations of the OGLE-II eld cov-
ering large part of Baade’s Window: BUL SC45. Observations of this eld
were obtained in the drift-scan mode of the CCD detector and the eld cov-
ers approximately 14.257 arcmin in the sky. Coordinates of its center are:
RA(J2000) = 18h03m36.s5, DEC(J2000) =−300500000. The eective expo-
sure time was 87, 124 and 162 seconds for the I, V and B-band, respectively.
BUL SC45 eld is observed in somewhat dierent way than the remaining
47 bulge elds { it is not a subject of microlensing search. Observations of
this eld are collected mainly for maintaining the phasing of variable stars
discovered in its part during the rst stage of the OGLE project (cf. Udal-
ski et al. 1995). Therefore only about 30 I-band, 15 V-band and 10 B-band
epochs were collected during the period August 5, 1997 through October 21,
1998.
The U-band photometry was obtained in the standard, still frame mode
of the CCD detector. One eld, covering 14.2 14.2 arcmin in the sky
and centered approximately at the eld BWC of OGLE-I: RA(J2000) =
18h03m24s, DEC(J2000) = −300200000; (cf. Udalski et al. 1993, and also
Stanek 1996) was observed on four nights between September 20 and Septem-
ber 25, 1998. The eld overlaps in large part with BUL SC45 eld. The
exposure time was 1800 seconds.
Observations collected in the drift-scan mode were reduced with the
standard OGLE data pipeline and transformed to the BVI system based on
observations of standard stars from Landolt (1992) elds collected during 5{7
photometric nights (cf. Udalski et al. 1998b). U-band photometry collected
in the still-frame mode was reduced in similar manner as described in Udalski
(1998b) with the dierence that the full 20482048 pixel image was divided
into 16 512512 pixel sub-frames and each of them was reduced separately to
ensure constant PSF. In this case transformation to the standard system was
4based on photometry of standard stars collected during three photometric
nights.
The systematic error of the BVI-band transformation should be smaller
than 0.02−0.03 mag. For U-band the systematic error might be larger and
we conservatively assume it to be equal to 0.05 mag. This is caused by
somewhat dierent spectral response of the OGLE instrumental ultraviolet
lter because of somewhat steeper cut of the short wavelength (λ<3500A)
side of the U-band by the telescope eld corrector made from BK7 Schott
glass. Nevertheless, the standard stars transform well to the standard system
and the color term for U-band is equal to 0.127 (0.000 means the standard
system) which compares to −0.041, −0.002 and 0.029 for B,V and I-band,
respectively.
The nal list of Baade’s Window stars with UBVI photometry was con-
structed by cross-identication of all stars found in the U-band images with
the stars from the drift-scan eld BUL SC45 using second order transfor-
mation between pixel coordinates.
Astrometric positions of stars were determined with the standard OGLE
procedure as described in Udalski et al. (1998b). About 10270 stars from
BUL SC45 eld were used to derive transformation between image pixel
coordinates and the Digitized Sky Survey (DSS) coordinate system. Internal
accuracy of determined equatorial coordinates is about 0.15 arcsec with
possible systematic errors of the DSS system up to 0.7 arcsec.
3 UBVI Photometry of Baade’s Window Stars
Table 1 contains UBVI photometric data for 8530 stars in Baade’s Window.
We provide there star ID number (in BUL SC45 eld), equatorial coordi-
nates (J2000) and observed and extinction-free (see below) UBVI magni-
tudes of each star. Table 1 is too large to be conveniently printed, therefore
only a few sample lines are shown. Full versions of Tables presented in this
paper are available in electronic form from the OGLE Internet data archive:
http://www.astrouw.edu.pl/˜ftp/ogle or its mirror
http://www.astro.princeton.edu/˜ogle.
The I− (V −I), I− (B−V ), and I− (U−B) color magnitude diagrams
(CMDs) of Baade’s Window stars are shown in Fig. 1 for 50% of the total
of 8530 stars for which UBVI band photometry was more accurate than 0.1
mag. The red clump is clearly visible on all three diagrams, and its width
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































6Fig. 1. Color-magnitude diagrams for 50% of the 8530 stars in Baade’s Window for which
UBVI photometry was obtained by the OGLE-II. Photometric errors in all bands are
smaller than 0.1 mag. Notice the increase of color range of red clump giants progressing
from (V − I), through (B−V ) to (U−B).
to be useful we have to correct them for interstellar reddening.
4 Reddening Map
We followed Kiraga, Paczynski and Stanek (1997) in the determination of
interstellar reddening variation over our eld. We selected 38,249 stars for
which V and I-band photometry was more accurate than 0.1 mag. The
corresponding CMD for 25% of those stars is shown in Fig. 2. Four regions
were selected: one near the red clump (RC), one below it, at the red giant
branch (RG), and two near the main sequence turn o point, one brighter,
and the other one fainter (TOPb, TOPf), as indicated in Fig. 2. The six
parallel lines are described with the equations: I−1.5 (V − I)=C, where
7C=12.00, 13.25, 14.50, 15.50, 16.00, 16.50, respectively. The slope of these
lines was chosen so that they are parallel to the reddening vector (Stanek
1996).





Fig. 2. Color-magnitude diagram for 25% of the 38,249 stars in Baade’s Window for which
V and I-band photometry was obtained by the OGLE-II. Photometric errors in both bands
are smaller than 0.1 mag. The stars in the four marked regions were used for reddening
determination.
We divided our eld into squares of 200200 pixels. In every square we
calculated average color of the stars in each of the four groups separately,
and also the average of the stars in all four groups. It is safe to assume that
there was no signicant variation in stellar populations within our eld,
which had the total area of only (0.23)2. The variation of average colors
8was due to variation in the interstellar reddening as well as the statistical
fluctuations caused by a small number of stars.
The colors of all four stellar groups are very well correlated, as shown in
Fig. 3. To bring the colors of the four groups to the same average value the
corrections were added to the (V −I) color of each star, with (V −I)TOPf=
+0.200 mag, (V − I)TOPb = +0.138 mag, (V − I)RG =−0.120 mag and
(V −I)RC =−0.217 mag. The shift between colors of each group in Fig. 3
has been increased for the clarity of presentation.








Fig. 3. The relation between the average (V −I) colors of the stars in four areas indicated
in Fig. 2 are shown as a function of the average (V −I)av for stars in all four areas. Each
dot corresponds to a different square in the CCD field, 200200 pixels, i.e., 83.00483.004
each.
As there was such a good correlation between the colors of the four groups
we combined all stars, adding the suitable corrections as given above. We
calculated average colors for the stars in squares 5050 pixels, i.e., 20.008
20.008 in the sky. The total number of such squares in our eld was 39
42 = 1638. These became our resolution elements for the reddening map,
or the elementary squares. The number of stars in the four groups was:
NTOPf =6422, NTOPb =7776, NRG =4185, NRC =4546. The total number






Fig. 4. The two correlation functions σ2 of the variation in the (V − I) is shown as a
function of separation d. The upper sequence of points corresponds to the resolution
5050 pixels, while the lower sequence corresponds to the resolution 100100 pixels.
of all stars used for the reddening determination was N=22,929, the average
number of stars per elementary square was n=14.0, and the variance of the
average color was hσ2V−Ii=(0.034 mag)2. The rms variation of the (V − I)
color per star was approximately 0.13 mag.
Given the values of the average (V −I) colors in 1638 elementary squares
we calculated the correlation function dened as
σ2(d)= h(V − I)2i, (1)
averaged over all pairs of squares within each range of separations d. σ2
is shown in Fig. 4 as a function of the separation between the elementary
squares (the upper sequence of points). The point corresponding to the
separation d = 0 is twice the variance of the (V − I) color per elementary
square. Fig. 4 shows that the value of the correlation function doubles at a
separation d500 pixels, which is 10 times larger than the elementary square
size. We repeated the exercise by combining 4 adjacent elementary squares
10
into one composite square of 100100 pixels, thereby increasing the average
number of stars to 56.0, and reducing the variance of the average (V − I)
color to (0.017 mag)2. The corresponding correlation points are shown as
the lower sequence in Fig. 4. This time the correlation function doubles its
value at a separation d100 pixels.
While the zero point depends on the choice of the square size, the rest of
the correlation function is the same in both cases, except for the zero point
shift. The contribution of interstellar reddening to the correlation function





How to chose the right square size? If the squares are small then the
resolution is high, and the variations of interstellar reddening from square to
square are small. However, there are few stars per square and the statistical
error in the estimate of the average stellar color is large. When the squares
are large the opposite is true: the average color is calculated accurately, but
the resolution is poor and the variations of the interstellar reddening within
the square become substantial. Without attempting a rigorous analysis it
seems that a sensible square size is such, that the two contributions: the
random noise due to a nite number of stars within the square, and the
variations of the interstellar reddening within the square are comparable.
Fig. 4 suggests that a sensible choice is a square size 100100 pixels, i.e.
41.00741.007 in the sky.
We calculated average (V −I)av color for the stars in a grid of 100100
pixel squares. We shifted the grid by 50 pixels in both directions, so as to
have average color calculated at 50 pixel intervals. A comparison between
the (V −I)avcolor from our data and the color excess EV−I calculated with
the Stanek’s (1996) extinction map is shown in Fig. 5. The agreement is
good, and we adopt the relation:
EV−I =(V − I)av−0.931, hEV−Ii=0.59. (3)
Obviously, our method, as well as Stanek’s, provides only a dierential red-
dening map. The zero point adopted by Stanek, and therefore also by us, is
based on the determination by Gould et al. (1998) and Alcock et al. (1998).
We calculate reddening within our (0.23)2 eld by linear interpolation
in the grid with the spacing of 50 pixels. The values of EV−I are based
on the average (V − I)av calculated in 100 100 pixel squares. Therefore,
11





Fig. 5. The correlation of the average color (V −I)av of the OGLE stars on the reddening
EV −I calculated with Stanek’s (1996) map. The diagonal line is the relation: (V −I)av =
EV −I +0.931.
the resolution of our extinction map is 100 pixels, i.e., 41.007 in the sky. We
estimate the statistical accuracy of our reddening map to be 0.02 mag. Of
course, the uncertainty in the zero point of our extinction is substantially
larger. The FORTRAN code red.f, calculating reddening within our eld
is available from the OGLE Internet archive.
5 Color–Color Diagrams
The extinction in the four bands was calculated according to the formulae:
AI =1.500 EV −I , hAIi=0.88, (4a)
AV =2.500 EV −I , hAV i=1.48, (4b)
AB =3.333 EV −I , hABi=1.97, (4c)
AU =3.958 EV −I , hAU i=2.34, (4d)
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and the colors were corrected for the reddening accordingly. The reddening
varied relatively little over our small eld of view, with 90% of stars in the
range 0.51<EV −I<0.65. Therefore, the CMDs corrected for extinction were
similar to those shown in Fig. 1, except for a shift in color and magnitude.
To facilitate follow-up observations of the red clump giants we selected
stars from Table 1 according to the following criteria:
14.0<I0 <14.7, 0.8< (V − I)0 <1.6, errors < 0.05 mag. (5)
640 stars satised these criteria. They, and the relevant data, are listed in
Table 2 (full version is available from the OGLE Internet archive).
We also selected red clump giants from the Hipparcos catalog according
to the following criteria: genuine I-band photometry was available in the
catalog, the absolute magnitude MI , the color (V − I), and the parallax pi
satised the criteria:
−0.5<MI <0.2, 0.8< (V − I)<1.6, pi error < 10%, (6)
J-C. Mermilliod kindly provided us with the UBV photometry for the
selected stars in a computer readable form (cf. Mermilliod and Mermilliod
1994, and http://obswww.unige.ch/gcpd/ ). The list of 309 stars which satis-
ed the criteria given above, had UBVI photometry and had the dierences
in V and B magnitudes as given by the Hipparcos/Tycho catalogs and by
Mermilliod not larger than 0.03 mag, are listed in Table 3 (full version is
available from the OGLE Internet archive). The coordinates in Table 3 are
for J2000, which is based on the Hipparcos’ epoch J1991.25, with the cor-
rection due to precession taken into account, but with no allowance for the
stellar proper motion. As all Hipparcos stars with accurate parallaxes are
within 100 pc, their reddening is very small (Stanek and Garnavich 1998,
Sekiguchi and Fukugita 1999).
The number of red clump giants for which Hipparcos provides accurate
parallaxes is several times larger than 309, and they all have accurate V and
B photometry, but a large fraction does not have either I or U data. The
calibration of red clump giants could be improved considerably if standard
I and U photometry were made for these bright stars.
Figs. 6 and 7 show (V −I)0−(B−V )0 and (B−V )0−(U−B)0 color{color
diagrams constructed for 640 Baade’s Window red clump giants. Figs. 8 and






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The data we present in this paper cannot by itself resolve the current ambi-
guity about the relation between the colors and the metallicity of red clump
giants (Paczynski 1998). However, the catalogs of these stars in Baade’s
Window (Table 2) and near the Sun (Table 3) can be used to select stars
over the full range of colors for spectroscopic studies.
The tight color{color relations apparent for the Hipparcos stars (Figs. 8
and 9) clearly indicate that either there is a single parameter that determines
the red clump colors, or there is a degeneracy between several parameters,
which conspire to change stellar colors in the same direction in the three
dimensional space of (V − I)− (B−V )− (U −B). The same appears to be
true for the red clump giants in Baade’s Window (Figs. 6 and 7). The scatter
is larger in Baade’s Window for at least two reasons: photometric errors are
larger than for the bright Hipparcos stars, and reddening corrections are not
perfect. It is somewhat disturbing that the slope of the (B−V )0− (V −I)0
relation is somewhat dierent for the stars in Baade’s Window than those
near the Sun. In principle there is a possibility that the reddening vector
varies signicantly with the stellar color, but we did not make an estimate
of this eect.
If future spectroscopic determinations of the metallicity establish only
a weak correlation with colors of red clump giants, then it will be clear
that another parameter, most likely the mass (i.e. age) of a star aects its
colors too. This would imply that red clump giants make large loops in
the CMD during their core helium burning phase. However, if it turns out
that the spectroscopic metallicity is very well correlated with colors, then
the implication will be that the dependence on mass (age) is weak, and the
evolutionary loops are small.
Note, that our samples of the red clump giants are not likely to be biased
by their colors, as they are all well above the detection limit.
Following the approach of Paczynski and Stanek (1998) we determined
that the number density of red clump stars peaks at I0 = 14.370.02. Of
course, the true error may be as large as 0.1 mag because the zero point
of the interstellar extinction is uncertain (Alcock et al. 1998, Gould et al.
1998).
Stanek et al. (1999) have presented UBVI photometry in a nearby eld
BW8 in Baade’s Window. Their results are in substantial agreement with
16







Fig. 6. The color – color diagram: (V −I)0−(B−V )0 for 640 red clump giants in Baade’s
Window, with the photometric errors smaller than 0.05 mag, corrected for interstellar
reddening. The two thin lines that cross are for reference; they are the same as in Fig. 8.




Fig. 7. The color – color diagram: (B−V )0−(U−B)0 for 640 red clump giants in Baade’s
Window, with the photometric errors smaller than 0.05 mag, corrected for interstellar
reddening. The two thin lines that cross are for reference; they are the same as in Fig. 9.
17







Fig. 8. The color – color diagram: (V − I)− (B−V ) for 309 red clump giants for which
Hipparcos measured parallaxes with the accuracy better than 10%. The two thin lines
that cross are the regression lines of one color with respect to another.




Fig. 9. The color – color diagram: (B−V )− (U −B) for 309 red clump giants for which
Hipparcos measured parallaxes with the accuracy better than 10%. The two thin lines
that cross are the regression lines of one color with respect to another.
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ours, although there appear to be some systematic dierences of order of
0.05 mag in zero points of photometry. They also discuss the eect of metal-
licity on colors of the red clump stars.
6.2 Stellar Models
It is remarkable how well the models of red clump giants agree with the
observations. Recently, evolutionary tracks for a broad range of metallic-
ities and masses were calculated by Bertelli et al. (1994), Jimenez, Flynn
and Kotoneva (1998), and by Girardi et al. (1998). The results are best
summarized by Fig. 1 of Girardi et al. (1998), which clearly shows that the
absolute I-band magnitude changes very little with stellar mass (i.e., age),
but it increases by 0.2−0.3 mag when the metallicity decreases from Z=0.03
to Z=0.001, in a fairly good agreement with the Udalski’s (1998b) empirical
calibration. Models demonstrate that while the metallicity is the dominant
factor aecting the colors, the stellar mass (age) makes a non-negligible
contribution, especially at high metallicities, where red clump giants make
fairly large horizontal loops in the CMD. This suggests that there is some
degeneracy, in the sense that metallicity and stellar mass (age) move a star
along nearly the same, approximately horizontal vector in the CMD, and
along approximately the same vector in a color{color diagram.
Things are dierent at very low metallicities, like those found in Leo I
(Caputo et al. 1999), where Z=0.0004 or even 0.0001. Under these extreme
conditions the red clump appears like a small arc, with the top and bottom
relatively blue, and the middle relatively red. The range of luminosities of
the red clump giants in Leo I is larger than the range observed in the in the
Galaxy (e.g., Paczynski and Stanek 1998), Magellanic Clouds (e.g., Udalski
et al. 1998a, Stanek, Zaritsky and Harris 1998), or in M31 (Stanek and
Garnavich 1998). This is in excellent agreement with the prediction of stellar
evolutionary models (Bertelli et al. 1994), and indicates a very large spread
in masses (ages) of the extremely metal poor population observed in Leo I
(Caputo et al. 1999).
Things are also dierent for very young red clump giants, as it is apparent
in the data (Udalski et al. 1998a) and in the models (cf. Fig. 1 of Girardi et
al. 1998): the stars younger than 2 Gyr are brighter than those in the age
group of 2−10 Gyr. However, it is remarkable, that in all objects with a large
number of red clump giants that were studied so far: Hipparcos stars and
the Galactic bulge (Paczynski and Stanek 1998), LMC, SMC, Carina dwarf
galaxy (Udalski et al. 1998a, Udalski 1998a), M31 (Stanek and Garnavich
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1998), the red clump shows very little spread in the I-band magnitude,
indicating that the stellar population is dominated by stars which are 2−10
Gyr old.
While one may argue about 0.1 mag or even 0.2 mag discrepancy between
the models and the observations (e.g., Girardi 1999), it is comparable to, or
better than, the situation with the RR Lyrae stars or with Cepheids, except
those stars do not have empirical calibration as good as the red clump giants.
A thorough comparison between the models and the data for the red clump
giants can be found in Stanek et al. (1999).
While the evolutionary models are in a reasonable agreement with the
observations, one should be aware of several problems with the models which
cannot be readily resolved and which make a perfect agreement with the data
almost impossible.
It is well known that theory cannot predict what should be the value of
the mixing length parameter which is used to describe non-adiabatic convec-
tion below stellar photosphere. Moreover, the model eective temperature
and radius are very sensitive to this parameter, and in practice the cal-
ibration is empirical. However, there is no reason for the mixing length
parameter to be a universal constant, and today’s theory cannot make a
rm prediction of the eective temperature of any cool star, including red
clump giants.
In order to be compared with the observations the eective temperature
of a stellar model is converted to a color, like (V − I), which introduces
next theoretical step: model atmosphere. While these are ever more sophis-
ticated and presumably accurate, ultimately the accuracy of the Teff vs.
color transformation has to be empirically veried. The same is true for
the bolometric corrections. Note that the bolometric luminosity provided
by stellar models is not sensitive to the value of mixing length parameter.
However, the bolometric correction rests on model atmospheres and their
empirical calibration.
Stochastic mass loss from red giant stars is believed to be responsible
for the morphology of the horizontal branch (Rood 1973, Chiosi, Bertelli,
and Bressan 1992). In other words, the amount of matter lost aects stellar
radius and eective temperature, aecting the size of a loop the star makes
in the CMD. Red clump giants have identical interior structure as classical
horizontal branch stars and therefore their loops are also aected by the
amount of mass loss. As the reason for the stochastic nature of mass loss is
not known, the size of those loops cannot be rmly predicted by the theory.
There is yet another major uncertainty of the models, which is not very
20
well known, or not very well remembered. Several decades ago it was estab-
lished that low mass stars develop large semiconvective zones just outside
of their convective helium burning cores (Schwarzschild 1970, Iben 1974,
and references therein). The question: ‘what is the proper criterion for a
marginally stable gradient of chemical composition’ was debated. There
has been no discussion of this subject lately, and there is no reference to the
semiconvection in recent papers on models of horizontal branch or red clump
stars. It is not clear whether the problem has been solved or forgotten.
Another very delicate issue is the extent to which chemical composition
prole aects the size of the loops that stars make in the CMD while burn-
ing helium in their cores. Robertson (1971), and Lauterborn, Refsdal, and
Weigert (1971) demonstrated that even very small changes in the stellar in-
terior had a huge eect on the loop size. This is not important when the red
clump models are very close to the red giant branch, i.e. when the loop is
very small, and the range of colors is very small. However, high metallicity
clump models appear to have fairly extended loops (cf. Fig. 1 of Girardi
et al. 1998), and the size of these may be very sensitive to many details of
stellar structure.
The issue of the loop size can be most reliably resolved with the spectral
observations, which may establish how tight (or not tight) is the correlation
between the colors and metallicity of the red clump giants. The tighter the
correlation, the smaller the loops have to be, and vice versa.
Considering the many diculties with the stellar models it is not likely
that they can provide quantities like MI and (V −I)0 with a precision better
than 0.1−0.2 mag, unless empirically calibrated. This is roughly the level
at which the models and the observations appear to agree or disagree with
each other.
6.3 Red Clump in the SMC
Although the Small Magellanic Cloud is not the topic of this paper, we
present in Fig. 10 a color magnitude diagram for the red clump for a region
near the south-west end of the SMC bar. We took the data from the SMC
Photometric Maps published by the OGLE team (Udalski et al. 1998b),
which have been accessible from the OGLE archive for over a year. The
main reason for presenting Fig. 10 is to show how compact the red clump
is when the reddening is not a problem, the range of distances is small, and
the range of metallicities is low too. The data from the SMC maps may
be useful to test and/or calibrate theoretical models. In particular, it is
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Fig. 10. Color-magnitude diagram for 30% of stars in the SMC field SMC SC1 (Udalski
et al. 1998b). Note how narrow is the red giant branch and how compact is the red clump
in this field with low and uniform reddening.
striking that the red clump in the SMC has no apparent structure, except
for a cloud of stars above the main body of the clump; these are likely the
younger and more massive stars as shown in Fig. 1 of Girardi et al. (1998).
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